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The study of linear dynamic systems-that is, vector differential equations 
of the form 
ix(t) = Ax(t) f Bu(t), r(O) = x0, 
(1) 
y(t) = c+) 
has enjoyed immense popularity in the electrical engineering community. The 
theory provides interesting and sometimes surprising results, almost all of 
which are derived by elementary matrix analysis. Perhaps because this topic 
has been embraced by electrical engineering departments, it is a subject which 
has been roundly ignored in the mathematics curriculum. This is a loss to 
mathematics students, who would appreciate the elegant use of linear algebra, 
as well as the abundance and breadth of applications. Variations on the usual 
assumptions about (1) quickly lead to problems which require considerably 
more mathematical depth. 
The book by Berman, Neumann, and Stern examines a selection of prob- 
lems arising in linear dynamic systems, which involve a nonnegativity con- 
straint in some form. The simplest of these is the nonnegative dynamic system 
in which the state r(t) represents a nonnegative quantity: a population, an 
amount of a chemical, a stock of goods. In this case, to be a feasible model, the 
unforced [u(t) = 0] solution to (l), x(t) = e At x0 must be nonnegative for 
all t 2 0. This is the property of positive invariance. More generally, if for 
every x0 in a set r, eAtrO E r for every t 2 0, then r is said to be positively 
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invariant with respect to A, and A is said to be I’-exponentially nonnegative. 
If r is not positively invariant with respect to A, one may ask if an initial state 
in r could be held in r with an appropriate control input u(t). This property, 
called holdability, is characterized for convex sets I’ in terms of subtangential- 
ity of the vectors AX + Bu and is related to the concept of (A, B) invariance. 
The discussion of this topic is well motivated and nicely illustrated in the text. 
Additional topics include hit and hold (can the state be guided to I” and then 
held here?), controllability with nonnegative controls (u > 0), and positive 
realization (when does a linear input-output relationship have a realization-a 
choice of A, B, and C-such that A is exponentially nonnegative, B > 0, 
c >, O?). 
For each of the topics addressed, the book provides an extensive collection 
of results from the literature, making it an invaluable guide for the researcher 
with interests in this area. In addition, exercises are included in every section 
to highlight examples and special cases, and to draw connections between 
sections. The major prerequisites for the material-convex analysis, nonnega- 
tive matrices, and linear dynamic systems-are reviewed in the opening three 
chapters so that the book is essentially self-contained. It would work well as 
the basis for a graduate seminar. It could also be used as a text in a graduate 
course, but with some cautions. The review material is substantial and could 
absorb most of the course time if students do not have a good grasp of the 
prerequisites. The preface should not be skipped over. The major topics and 
the sample applications are described there, and the material that follows is 
much easier to digest if this context is well understood. Finally, it should be 
noted that this is a first printing and it has occasional typographical errors, 
some of them in critical locations (such as the definition of holdability--x0 E I’!). 
Request a list of errata from the publisher. Preparation for the linear systems 
portion of this course might include an elementary course on dynamic systems 
based on Introduction to Dynamic Systems, by D. G. Luenberger, or a 
graduate course based on Linear Multivariable Control: A Geometric Ap- 
proach, by W. Murray Wonham. 
Received 26 June 1990;ftnal manuscript accepted 12 July 1990 
